ABSIRACT
Observations of seven hig-xcitation planetary nebulae secured with the International Ultraviolet Explorer (1UE) satellite were combined with extensive ground-based data to obtain electron densities, gas kinetic temperatures, and ionic concentrations. We then employed a network of theoretical model nebulae to estimate the factors by which observed ionic concentrations must be multiplied to obtain elemental abundances. Comparison with a large sample of nebulae for which extensive ground-based observations have been obtained shows nitrogen to be markedly enhanced in some of these objects. Possibly most, if not all, high-excitation nebulae evolve from stars that have higher masses than progenitors of nebulae of low-to-moderate excitation.
It has long been recognized that an exploration of the ultraviolet spectra of gaseous nebulae would yield rich dividends in our understanding of these objects. Early predictions (1) (2) (3) suggested the importance not only of HeI and HeII recombination lines, but also of lines of CII, CIII, CIV, NIhI, NV, OIl, 0111, OIV, OV, MgII, SiII, SiIII, and SiIV. Extensive observations (4) (5) (6) (7) (8) have confirmed the wealth of information obtainable from this spectral region.
In particular, abundances of carbon and nitrogen whose nuclides are of great diagnostic importance in assessing possible element-building scenarios of precursor stars are obtainable reliably only with access to ultraviolet spectral data. For example, CII X4267 has been interpreted regularly as a recombination line for the purpose of deriving concentration ratios N(C2+)/N(H+) (9) (10) (11) (12) (13) . The line is usually weak, and the uncertainty is further exacerbated by the difficulty in extrapolating from N(C2+)/N(H+) to N(C)/N(H). The total nitrogen abundance is usually extrapolated from N(N+)/N(H+), because only [NII] emission is regularly measured. Perinotto (14) finds that, even in low-excitation HII regions where conditions should be most favorable for extrapolation, the uncertainty is about a factor of 2. Extrapolation procedures for N appear to work well for NGC 6720 (15, 16) , but poorly for NGC 7009 (17) .
With the International Ultraviolet Explorer (IUE) satellite we observed seven high-excitation planetaries in the wavelength regions X1200-X1920 A and X1900-X3250 A with the "short" camera, which gives the lower of the two possible dispersions. The instrument and its operation have been described by Boggess and his associates (18, 19) . Table 1 gives some basic data for the nebulae observed. Data in columns 3 and 6 are from a compilation by Milne and Aller (21) . The intensity ratio I(4686)/I(Hf3) comes from ground-based measurements secured at Lick Observatory and with the Anglo-Australian telescope (NGC 2867 and NGC 6302).
The extinction constant C was obtained whenever possible from a comparison of IUE and ground-based observations. F(H/) is the flux in ergs cm-2 so1 in the HO3 line received at the earth, corrected for atmospheric extinction but not for obscuration by interstellar smog. Io(HO) is the flux corrected for the latter.
For small nebulae in which the entire image falls in the entrance aperture of the IUE, we may estimate interstellar ex-1231 (24) , and by Nandy et al. (25) . The finally adopted extinction function is that of Seaton, which agrees reasonably well with results of the other observers. Table 2 gives the finally adopted line intensities. Some emissions-e.g., NV 1239, 1241; CIV 1548, 1550; and 0111 1661, 1666-consist of close pairs. All data are corrected for interstellar extinction; zero-point errors may occur for NGC 2392 and NGC 6302. All intensities are provisional and await definitive calibration and reassessment by the National Aeronautics and Space Administration; they appear to be sufficiently accurate for our present purposes (presumably ±10-20%) except perhaps for NGC 6741 and NGC 6886. For those objects the effects of small total fluxes and severe interstellar extinction meant that measured fluxes were low and reduction errors were exacerbated.
Plasma diagnostics and analysis of line intensities Extensive ground-based observations (26, 27) of line intensities, including recently obtained further data, enable us to solve for nebular diagnostics, electron density NE and temperature TE, Abbreviation: IUE, International Ultraviolet Explorer. and ionic concentrations n(N+), n(0+), n(02+), n(Ne2+), n(Ne3+), n(Ne4+), n(S+), n(S2+), n(CI+), n(Cl2+), n(CI3+), n(Ar2+), n(Ar3+), and n(Ar4+) in terms of H-ion concentration, n(H+). [1] for log x <-0.25 and n(H+N ) = 7.877 X 10-6 E04,2 103.844/t X0211 X {I(4724) + I(4725)1 [2] for log x > -0.25. Here E04,2 is a factor of the order of unity that depends on temperature (34); x and t are Seaton's parameters: t = TJL10,000 x = 10-4 Ne/i/i. [3] Eqs. 1 and 2 have been used to estimate concentrations of Ne3+ that are extremely sensitive to the assumed electron tempera- [5] where = [n(2D3/2) + 0.1053 n(2D5/2)]x'-.
[6] These formulae need to be modified when the basic atomic parameters are revised. There is some indication that I(4726)/I(2422) tends to be weaker than expected.
In our calculations we have included the Na3+, K3+, K5+, and Ca4+ ions in group 2; perhaps they should have been placed in group 3; consequently, our estimates of these ionic abundances and derived elemental abundances may be upper limits.
For the ultraviolet lines the equations of equilibrium are very simple. If the lower and upper levels are denoted by groups 1 and 2, respectively, then Nj(Xs )Nfq2 = N2(Xi)EA2i, [71 where the summation is taken over all lower levels. In practical examples 2A2i = A21. The emission per unit volume in X is Ex(Xi) = N2(Xi)A21hv = Ni(Xj)Nfq12hv [8] for an ion Xi and in Hf is E(HO) = N(H+)NE04,2 X 10-25.
[9]
Also, q12 = 8.62 p 2 e-X12/kTE [10] where Q12 is the collision strength (see refs. 28 We have done this with the aid of a network of theoretical models (29) . The observed ratios, n(He+)/n(He2+), I(3727)/ I(5007), I(3426)/I(3868)-i.e., [NeV]/[NeIII]-serve to define a seemingly valid choice among models in which the principal adjustable parameters include the stellar energy flux, the nebular chemical composition, the nebular mass, and density. Table 5 summarizes the principal results. The C and N data for NGC 6741 and 6886 are uncertain because the IUE data for these nebulae are less accurate than for the other objects. For the other elements the data should be satisfactory. These data also involve extrapolation with the aid of models. Discussion For these seven high-excitation planetaries it appears that Ne, Cl, Ar, and the metals Na, K, and Ca have mean abundances similar to those found in earlier surveys (36, 38 The high-excitation objects considered here contain a number of N-rich nebulae, essentially type I in Peimbert's classification (39) . NGC 6302 is perhaps the most extreme example. Dufour and Talent (40) have described an emission nebula in NGC 6822 that also is very rich in N. Kaler and his associates (41, 42) have discussed the enrichment of N and He in planetary nebulae. Previous estimates of nitrogen enhancements have depended on extrapolations from n(N+) with attendant inaccuracies. The chief uncertainty here arises from possible errors in temperatures assigned to the NIV and NV zones. For NGC 2867 and Me 2-1 the N abundance may be "normal"; for NGC 2392, NGC 6741, and NGC 6886 some N enhancement is suggested, whereas for NGC 2440 and NGC 6302 a substantial N increase is indicated. In these latter objects N may be more abundant than 0. Carbon is strongly enhanced in NGC 6302 and probably is increased in the other objects (except NGC 2392 and NGC 2440) as well. The Peimberts (13) have concluded that quite generally carbon is enhanced with respect to oxygen in planetaries. Oxygen seems 'to remain constant within a factor of about 1.6; most of the objects seem slightly enhanced with respect to the average planetary (36) .
Becker and Iben (43) have considered asymptotic giant branch evolution of stars of masses in the range 3-11 M>. Products of nuclear processing are dredged up to the surface at a late evolutionary phase; 4He and 14N can be enhanced, whereas H, '2C, and 160 are depleted. The maximum theoretical possible enrichment of N, about a factor of 4.8, may not suffice to account for NGC 2440 and NGC 6302, and some type of explosive burning may have to be invoked.
Our survey is necessarily of a preliminary character, which can be improved when better IUE data are obtained, more adequate theoretical models are established, and some of the necessary atomic parameters are more reliably established.
By combining ultraviolet and optical observations, a much better picture of nebular abundances is obtained, especially for those elements, C, N, and 0, that play important roles in nuclear reactions in the stellar evolution phases that immediately precede the formation of' planetary nebulae. High-excitation planetaries would appear to originate from precursor stars more massive than planetaries of intermediate excitation (39, 41) .
Nebulae such as NGC 2440, NGC 6302, and NGC 7027 must be regarded as unusual objects.
